The stimulation of division of Balb/c 3T3 mouse fibroblasts by fibroblast growth factor alone and in combination with insulin and a glucocorticoid (dexamethasone) has been investigated. Fibroblast growth factor stimulates DNA synthesis in sparse, quiescent cultures maintained in a low serum concentration, but does not support more than two division cycles. In the presence of dexamethasone, the growth factor supports continuous division cycles. The addition of insulin significantly augments the response to fibroblast growth factor alone and slightly augments the response to growth factor plus dexamethasone. Fibroblast growth factor stimulates the division of confluent, quiescent cultures grown in 10% serum. When growth factor plus dexamethasone is added to such cultures, "contact inhibition" is overcome.
Multiplication of animal cells in vitro requires certain macromolecular factors, which are usually found in serum (1, 2) . It has been suggested that the pituitary gland is a source of these growth factors in vivo (3, 4) . We have recently isolated a polypeptide hormone, fibroblast growth factor (FGF), from bovine pituitary glands (5, 6) . We have shown that in sparse, quiescent 3T3 cell populations, FGF in combination with a glucocorticoid, either hydrocortisone or dexamethasone, can completely replace added serum for initiation of DNA synthesis (6) . In confluent 3T3 cell populations, FGF plus hydrocortisone can completely replace added serum to produce the full pleiotypic response (7) . Furthermore, FGF with hydrocortisone produces the same transient increase in intracellular cyclic GMP level in quiescent cells as does serum, and specifically activates membrane-bound guanylate cyclase, but not adenylate cyclase (8) . These results, though they demonstrate that FGF plus hydrocortisone can replace serum for provoking the initial events of cell division, do not prove that FGF plus hydrocortisone can replace serum to sustain continuing growth.
We now present evidence that FGF alone does not support continuous division cycles of 3T3 cells. In combination with dexamethasone, however, the growth of 3T3 cells maintained in low (less than 1%) serum is similar to that observed in the presence of 10% serum. Furthermore, when FGF plus dexamethasone is added to confluent cultures, "contact inhibition" is overcome and the cells grow to very high density. Growth to such high density has heretofore been reported only when cells were grown in a high serum concentration (30%) with frequent changes of medium (2) .
MATERIALS AND METHODS Materials. FGF was purified from bovine pituitary glands as described (6) . It was greater than 95% pure on acrylamide gel electrophoresis and had a molecular weight of 13,400. Dexamethasone and bovine insulin were obtained from Sigma, and crystalline bovine serum albumin from Schwarz/Mann. Sera were from Gibco, and trypsin was obtained from Nutritional Biochemicals Corp. Tissue culture dishes were from Falcon Plastics.
Cell Culture. Two Balb/c 3T3 cell lines maintained in this laboratory were used. They have been described elsewhere (7) When the cells were maintained in 0.2% serum, the stimulation by serum dropped each day, indicating that the cells maintained in 0.2% serum were dying and becoming unresponsive to serum. Their response to the addition of FGF alone was slight. In contrast, when cells were maintained in the presence of 0.4% or 0.8% serum, the level of stimulation by 10% serum was similar at 24, 48, and 72 hr, indicating that the cells remained more responsive. Under these conditions, FGF stimulation was 30% that of serum, and when insulin plus dexamethasone were added with FGF, the level of stimulation reached as high as 96% that of calf serum.
We concluded that to study the effect of FGF, the cells should be maintained in 0.6% serum. At that serum concentration the cells become quiescent within 24 hr of the medium change, as shown by their low level of [3Hjthymidine incorporation, but remain healthy, as judged by their responsiveness to serum. Studies of the optimal conditions for the assay of the effect of FGF on the initiation of DNA synthesis in 3T3 cells will be reported elsewhere (9 Using another line of 3T3 cells, similar results were obtained (Fig. 2) . In the presence of 10% serum, the final cell density was 1.2 X 106. When FGF plus dexamethasone was added, the cells grew logarithmically, reaching a somewhat lower density (7.2 X 105) than seen with serum ( Fig. 2A) .
The addition of insulin to cells growing in FGF plus dexamethasone had no effect on the rate of growth, and the final cell density was only slightly higher, indicating that insulin has no additive effect over FGF when dexamethasone is present ( Fig. 2A) . When insulin was added with FGF alone, however, the final cell density reached was 1.6 times that reached when only FGF was added. This density was lower than that reached when 2% serum was added to the quiescent cells (Fig. 2B) (Fig. 3) . When FGF was added, a peak rate of DNA synthesis occurred at 16 hr, coinciding with the first peak seen in serum-stimulated cells. Another much smaller peak occurred at 27 hr, coinciding with the second peak seen with serum. The size of this second peak indicates that only a small fraction of the cell population went through a second division cycle. When insulin was present with FGF, the same temporal pattern of DNA synthesis was observed as for FGF alone, but the rate of DNA synthesis was slightly higher throughout. In contrast, DNA synthesis in cells stimulated by FGF plus dexamethasone did not peak until 21 hr, and the second peak occurred at 35 hr. This can be interpreted as confirming the data of the growth curves (Figs. 1 and 2 (Fig. 4) . The final cell density of these cultures was much higher than the density seen when 10% serum was added to cultures grown in 10% serum. Final cell densities observed after the addition of 10% serum were: 3.2 X 106 for cultures grown in FGF plus dexamethazone plus insulin, 2.2 X 106 for cultures grown in FGF plus dexamethasone, and 1.4 X 106 for cultures grown in 10% serum. Morphological studies (10) indicated that the addition of 10% serum to cells grown to confluency in the presence of 10% serum did not result in overcoming "contact inhibition." However, when 10% serum was added to cells grown in the presence of FGF plus dexamethasone or of FGF plus dexamethasone plus insulin, "contact inhibition" was not observed; the cells grew in double or triple layers and had a morphology similar to that of transformed cells (10) .
Upon the addition of serum to cultures grown in the presence of FGF plus dexamethasone or of FGF plus dexamethasone plus insulin, a significant (20-30%) increase in cell number was observed within 12 hr (Fig. 4A) (Fig. 5B) . When serum plus FGF was present, the final density was higher (1.4 X 106, Fig. 5A ). Confluent cultures in 10% serum had the typical "cobblestone" appearance associated with "contact-inhibited" 3T3 cell populations. In contrast, when FGF was present with serum, the cells were less "contactinhibited," forming a multi-layered network. When 10% serum was added to confluent cultures grown in 10% serum, the cells remained "contact-inhibited" and a small increase in cell number was observed (final density 1.4 X 106, Fig. 5B ). When FGF alone was added, the cells lost their "contact-inhibited" pattern and the final density was 2 X 106 cells. In the presence of FGF plus dexamethasone "contact inhibition" was completely lost; the cells grew in multiple layers and the final density was 3 X 106 cells. FGF (Fig. 5A) . Under this condition, FGF (lid not have a limiting effect on cell growth since the cells reached, at confluency, a density slightly higher than with serum alone (Fig. 5B) . Also, since cells maintained in the presence of serum or FGF plus serum grew at a similar rate, it is evident that FGF had no additive effect over serum with respect to rate of growth (not shown). When serum was added to such cells, they divided and reached a density of 1.3 X 106 cells. When FGF plus dexamethasone was added, the final density was 3 X 106 and the cells were clearly not "contact-inhibited."
These results demonstrate that cells grown to confluency in the presence of 10% serum can be further stimulated to divide by the addition of FGF alone and that dexamethasone has the effect of augmenting the response to FGF under these conditions. The morphological transformation brought about by the addition of FGF or of FGF plus dexametlhasone to a confluent, "'contact-inhibited" culture is described in ref. 10 (which is a protein concentration of 150 ,ug/ml), a lack of serum factors may result in a diminution of responsiveness to growth factor such that the response may, eventually, become negligible.
We found that when 3T3 cells are maintained in 0.6% serum they become quiescent after a day, with most of the cells arrested in the early GI or Go phase of the cell cycle, yet they remain responsive to growth stimulation (9) . Addition of FGF to these cells results in one or two cycles of division, clearly demonstrating that other factors are necessary for the full mitogenic response. When insulin is added with FGF, DNA synthesis data and number of cells indicate that a larger proportion of the cell population responds than when FGF is added alone, showing that insulin, under limiting conditions, can provoke cell division by permitting the cells to respond to growth factor. But it is only when a glucocorticoid is present with FGF that cycle after cycle of division occurs.
If serum is added to cells grown in the presence of FGF or of FGF plus ins I, there is a doubling of cell number seen over 2 days and then, without further division, the cells gradually deteriorate and detach from the dish. Dexamethasone is necessary to condition the cells in order that they might divide to reach a final density comparable to that seen with serum. When dexamethasone is present, insulin has little effect on cell growth; however, its effect on morphology is marked (10) . We conclude that dexamethasone either prevents the degeneration that takes place in cells maintained in medium containing little serum, or it permits the cells to complete a division cycle initiated by FGF.
It is unclear at this time whether insulin or the glucocorticoids can directly stimulate DNA synthesis and subsequent cell division or whether they have an indirect effect (permissive effect) by making the cell more receptive to FGF. We favor this second hypothesis, since under our conditions of sparse cultures maintained in low serum neither dexamethasone nor insulin has any great effect on either the initiation of DNA synthesis or cell division.
An interesting effect of FGF and dexamethasone combined is their effect on confluent cultures grown in 10% serum. When they are added together the cells clearly overcome "contactinhibition" and grow to a density comparable to that observed when the cells are fluid-changed frequently with a high concentration of serum (2) . This reinforces the view that the cessation of growth seen when cells growing in 10% serum reach confluency is not so much a result of cell-cell contact as it is a result of depletion of growth factors in the medium. The addition of growth factor to such "contactinhibited" cultures readily produces a resumption of growth.
